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DECLARATION OF 
JOHN C. CAMBIER 
(Under 37 CFR 1.132) 



Atty. FileNo.: 2879-64 ) 

For: "PRODUCT AND METHOD FOR ) 

TREATMENT OF CONDITIONS ) 

ASSOCIATED WITH RECEPTOR^ ) 

DESENSITIZATION" ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

I, John C. Cambier, declare as follows: 

1. I am a co-inventor of the above-referenced patent application and am ferailiar with 
the application- I am a skilled artisan in the fields of immunology and molecular biology. 

2. This Declaration is submitted in response to an Advisory Action having a mailing 
date of October 3 1 , 200 1 and in fijrther response to an Office Action having a mailing date of August 
8,2001. 

3- The following discussion is provided in response to the Examiner's rejection of 
Claims 1, 4-6, 9-10, 18-19, 21-22, 30-31 and 33 under 35 US.C, § 102(b) or § 103, with regard to 
the reference of Nakamura et al. (Int, J, Hematol 64:39-46, 1996) (Nakamura A). Enclosed for the 
Examiner's review in connection with this discussion is a second reference by Nakamura et al. (Jnt, 
Immunol. 5(10):1309-1315, 1993) (NakamuraB). 

The anti-CD79b (anti-IgP) antibody that is described in Nakamura A and Nakamura B as 
"CB3-f." is distinguished from the antibody claimed in the present application by at least two 
characteristics. These characteristics arc clearly ascertained from the publications by Nakamura et 
al. First, the CB3-1 antibody does not induce B cell unresponsiveness according to a classical assay 
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for B cell responsiveness. Second, the CB34 antibody stimulates the B cell antigen receptor. In 
contrast, the antibody recited in the claims of the present invention induces B cell unrespoiifliveness 
(i.e., by causing a dissociation or inhibiting an association between the B cell antigen receptor 
components) and does not stimulate the B cell antigen receptor. 
B cell unresponsiveness 

A classical assay by uiiich B cell responsiveness (or conversely, unresponsiveness/anergy) 
is evaluated is the measurement of B cell proliferation and the expression of activation markers 
CD80 and CD86 as a result of antigenic stimulation (i.e., stimulation through the B cell antigen 
receptor). A responsive B cell will proliferate and upregulate CD80 arul CD86 in response to 
antigenic stimukition. An unresponsive B cell, will not proliferate and will not upregulate CD 80 and 
CD 8 6 in response to antigen (i.e,, the receptor is desensitized to antigen stimulation). In addition, 
it is known in the art that a desensitized B cell antigen receptor (i.e., expressed by an unresponsive 
B cell) does not elicit tyrosine phosphorylation or mobilize calcium in response to antigenic 
stimulation (or an appropriate mimic thereof), despite the continued expression of antigen receptors. 

The classical assay for B cell responsiveness described above is precisely the assay that is 
used to measure B cell responsiveness in Nakamura A (see Section 3 3 and Figure 3). Referring to 
the paragraph bridging pages 42-43, Nakamura A states that the CB3-1 antibody did not inhibit the 
induction of CD80 and CD86 by stimulation of the B cell through the antigen receptor. Similarly, 
CB3-1 did not inhibit B cell proliferation of the B cell which was stimulated through the antigen 
receptor. One of skill in the art can conclude from this assay that the CB3-1 antibody does not 
induce B cell unresponsiveness as defined above, and indeed, that is what Nakamura and colleagues 
have coixcluded (see page 43, l*^ column, last sentence; and page 45, 2"^ colunm, first sentence). 

Turning to the present application, Dr. Vilen and I have discovered that the extracellular 
ligand binding component of the B cell receptor (mig) can be physically uncoupled from its 
associated transducer, and that this dissociation from mIg mediates the destabilization of the B cell 
receptor in B cells and thiisjjiediatejsjEbg^^ (see Examples 1 -8). In other words, we 

have discov^^ that the dissociation of the receptor components is the mechanism by which B cell 
unresponsiveness resulting from receptor destabiU2ation occurs. 

2 
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Given these teachings regarding the mechanism for B cell unresponsiveness, one of skill in 
the art can conclude that the antibody of Nakainura A does not cause dissociation of or inhibit an 
association between the B cell antigen receptor components effective to induce B cell 
unresponsiveness, because this antibody did not cause B cell unresponsiveness according to art- 
recognized, classical assays. 

In contrast to the antibody of Nakamura ct al.. Dr. Vilen and I have produced an antibody that 
takes advantEige of the mechanism described above by binding to the extracellular domain of the 
transducer component and inducing the uumnesponsive state in B cells (i.e., the antibody causes a 
dissociation of or inhibits an association between the B cell antigen receptor components). For 
example, we have shown that the antibody of the present invention significantly inhibits calcium 
mobilization in B cells that have been stimulated with antigen (Example 9 and Figure 8), showing 
that this antibody induces B cell unresponsiveness according to an art-accepted assay for B cell 
activation. 

B cell stimulation 

Referring to Nakamum B, this reference demonstrates that the CB3-] antibody stimulates 
the B cell, which shows that the antibody of Nakamura A and B does not meet the limitations of the 
present claims, and which additionally shows that the antibody of Nakamura would not be usefiil in 
a therapeutic application (i.e., any stimulation of the B cell response is undesirable in an 
immunosuppressive application). Specifically, Figure 2 of Nakamura B shows that the CB3-1 
antibody induces significant phosphatidylinositol hydrolysis in B cells^ indicating that this antibody 
stimulates the B cell antig«n receptor. Figure 3 of Nakamura B shows that the CB3-1 antibody 
induces a significant increase in intracellular calcium in B cells, again indicating that this antibody 
stimulates the B cell antigen receptor. The authors state at page 1311,1*' column, last sentence, that 
these "results suggest that anti-IgP mAbs are functionally capable of triggering early B cell activation 
events." In addition, it is noted that the CBS-l antibody stimulated B cell proliferation (Figure 4), 
again indicating that this antibody stimulates B cell activation through the B cell antigen receptor. 
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In contrast, the antibody of this present invention does not significantly stimulate theB' 
cell antigen receptor, as demonstrated by a calcium mobilization assay (Example 9 and Figure 8). 

5. I hereby declare tliat all statements made lierein of my own are tme and that alt 
statements made on information and belief are believed to be true; and further that the statements 
were made with the^knowledge that willful false statements and the like so made are punishable 
by fine or imprisonriient, or both under Section 1001 of Title 18 of the United States Code, and 
that such willfijl false statements may jeopardize the validity of the subject application or any 
patent issuing therenom. 

Johnpl Cambier 

/ 

/ 
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gignal transduction in human B cells 
{iiltlated via \g0 ligation 

fffisuya Nakamura^ IM. Chandra Sekar, Hiromi Kubagawa, and RAax D. Cooper 

Ji^ion of Developmental and Clinical Immunology. Departments of Wedldne, Pathology, Pediatrics, and 
SSoblology. University of Alabama at Birmingham, and the Howard Hughes Medical Institute, 
gj^ngham, AL 35294. USA 

iPreSBfiX address: First Departmeni of Internal Medicine, Faculty of Medicine, University of Tokyo, 7^-1 
jjj^, Bunkyo-l<u, Tol^o 113, Japan 

^ Yfords'- B cell activauon, Iga, mb-1, surface Ig 
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1^ and \gfi heterrklimers are non-covalently associated with Ig to compose the antigen receptor 
;>2^plexes on B ceils. The demonstration that different sets of tyrosine kinases bind to 
Of eytopiasmie talis of Iga and Ig^ suggests that igo! and Ig^ may activate distinct second 
I'ittftwnger pafhwaya. In thrs study, we examfned the effects Of mAbs against an exposed epitope 
'"'^ human Igd on pre^B and B cell triggering. Cross-linkage of Ig^ on B cells leads to aethratlon of 
f^oslna kinases, hydrolysis of phosphatldyJJnosltldes, and elevation of intracellular Ca^*^ effects 
voUAUtaUveJy identical to those of antl^p mAbs. Our observations thus Indicate that cross-linking 
fg^ does not sagregate signal transduction pathways connected with the cytoplasmic tails of 
i-'lgttsnd Ig^. Iga ligation has t^n reported to be more effective in triggering pre^B than B cells, 
o'«hareas our results Indicated that lgj9 ligation la more efficient In triggering & than pre-B ceils. In 
-fSdltlon to their activation properties, the antl^lgd mAte effectivefy modulated B cell receptor 
•^..tioinplexes and blocked terrhlnel differentiation of all plasma cell Isotypes. The findings support 
' Idea that antiWg^ could serve as a universal B cell Immunosuppressant. 



^mrcductjon 

:?^|)[face tgs on B cells are physically linked to the mb-1 gene 
' jlgfOducl, Iga (1). and the 829 gene produci, ig^ (2). These 
.^jfljoteculfis form the B cell antigen receptor (BCR) complex. The 
j^^MSplasmic signals initiated by antigen binding to surface Ig are 
^^(Wivered through the \ga and \Q9 transmembrane molecules 
Recent studies indicate that Ihe cyroplasmic tall of Igo is 
J^jfy^call^ linked to arc family tyrosine kinases lyn and fyn, 
phosphatidyiinositol-S kinase, whereas Ig^ is linked to 
'lijmphatldylinoBitol^ kinase and other unidentified phospho- 
rs) Tyroane kinases bik and iek are also associated with 
I (6 - 1 0). These tyrosine kinases are activated by BCR 
I to phoBphorylate a variety of cellular proteins, including 
I C (t1 and y2) (1 1-13), GTPase activating protein 
1(14), and mlcrctubule-associaied protein-2 kinase (MAP-2K) 
The phosphorylation of phospholtpase C and GAP is 
ved in phosphoirKJsitidB (Pi) hydrolysis, the subsequent 
on of protein kinase C and elevation of intracellular Ca^^ 
MAP-2K phosphorylaies senne residues on the c-;*^r7 
rtplion factor that may relay BCR-mediated signals to the 
i (17). These known tyrosine kinase subsiraies together 





with other unknown substrates comprise complex signal trans- 
duction pathways which may link BCR signaling to rujclear 
activation events- 

Aa one approach to investigation of the Iga and \g0 roles in 
this complex signal transduction cascade, we have generated 
mAbs against an exposed epitope of the human Igfl chain (1 8). 
In the present study these mAbs were compared with anti-/* heavy 
chain (HC) mAbs to determine their effects on early B eel) 
activation events and on terminal plasma cell differentiation. The 
results Indicate that both antl-lg0 and an>/i mAbs induce 
quantitdtively different, but qualitatively similar B cell signals, and 
that anti'lg^ mAbs can inhibit terminal drfferentialion of plasma 
cells regardless of their Ig Isotype. 



lUtethods 

Antibodies and CBils 

Mouse mAbs to human ^ (SA-DA-4.4 and 145^8, ^1^^ Isotype), 
a (CH-EB6, 7ljtf). X gB28-2, y^x), and X (1-156-2, ylx) chains, 
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1310 Signal transduction In human B cells 

and \g0 (CB3-1 and CB3-2, y1x) and a rat antibody to mouse x 
{1 87-1 ) were described pr eviousJy (18-22). Monoclonal ant^CDl 9 
antibody was purciiased from Becton-Oickinson (Mountain View, 
CA) and monoclonal anti-phoaphotyrosine (4G10) antibody was 
from UBI (Lake Placid. NY). Monoclonal anti-human y antibody, 
afftnrty-purlfied goal antibodies specific for human light chains 
labeled with fluorescein isothiocyanate. goat antibodies to mouse 
Ig labeled with peroxidase, and alkaline phosphatase-labeled 
streptavidin were from Southern Biotechnology Assodates 
(Birmingham, AL). The Ramos B cell line expressing surface IgM 
and the 697 pre-B cell line expressing p. HC and surrogate light 
chains were described previously (23). 

Immunoblotsng 

Ramos B celts or 697 pre-B celts washed with PBS were 
resuspended in HPMI 1640 medium supplemented with 10«i^ 
res (Hyaons. Logan, UT) and 20 mM HEPES (pH 7.4). and 
100 aI aitquots of cell suspension (10^/mO were war/rod at 37*C 
for 10 min. Stimulation was Initialed by adding each mAb at a 
defined concentration for 5 min at 37*C and the reaction was 
stopped by adding 1 ml of Ice-cold PBS with 1 mM NagVO^. 
Cells ware centrrfuged and lysed in 40 ^1 ot the lysis buffer 
(1%NP^a ISOmM NaCl. 50 mM Tris-HCI. pH 7.4. 5mM 
EDTA. 1 mM fslagVO^. 50 mM NaF, 1 iigJm\ leupeplin, 1 /ig/ml 
aprotinin, 0, We trypsin inhibitor, and 1 mM phenylmelhylsulfonyi 
fluoride), The lysates were resoK/ed by SDS - 1 Wo PAGE under 
reducing conditions and transferred to an Immobilon-P 
membrane (MlHipore, Bedtord, MA). Phosphoproteine were 
detected by anti-phosphotyrosme mAb (4G10). followed by 
paroxidase-laheled goat anfr^use Ig antitxxJy and the enhanced 
chemiluminescence system (Amersham. Arlington Heights. IL) 
according to the manufacturer's instructions. 

Measurement of PI hydroly&js 

Ramos B cells washed twice with PBS were resuspended in 
Media 199 (Gibco BRL, Grand Island. NY) supplemented with 
I0«/o dlalyzed PCS at 3 x 10«/ml, After myo-[2-*H]inos}tol 
(Amer«ham) was added at a final concentration of 10|*Ci/ml. 
the ceUa were incubated for 4 h at 37*C. After twice washing 
with PBS. cells (5 x 10^/ml) were resuspended in Media 199. 
Celts (200 /aI aliquots) were kepi on ice for 30 min and incubated 
with 2 /d of 1 M LiQ for 1 5 min at 37«C before stimulation with 
the test mAbs (50 ^g/ml final concentration) for 30 min ai37*'C. 
Isotypfi matched mAb (7I ;«) with Irrelevant specificity served as 
negative control. To extract hydrdyzed PI. cells were centrrfuged 
at 15,600 g for 10 s. restispended In BOO /J of boiling water, and 
immersed in boiling water for 5 min. After centrifugation for 5 min 
at 15,600 g, the supernatants were collected and applied on a 
SAX column (Whatmann, Hillsboro. OR). Pi were separated by 
HPLC by the following elution profile: 2 mm wrth water; 20 min 
with a linear gradient ofO-SO^A 1 M ammonium formate 
(PH3.75): 25 min wtth a linear gradient of 20-100^^ 1 
ammonium fonrkate. Practions were counted by Ik^uid sdnlillation 
spectroscopy arwi total c.p.m, of fracaons corresponding 10 
inositol oTOnophosphate was determined. 

Deiermina^afi of Intracellular C^* 

Ramos B cells or 697 prs-B cells were resuspended in the 
loading buffer (Hanks' balanced salt solution containing 1.3 mM 
CaCIa) at 5 X 10^/ml. Fluo-3 (Molecular Probes. Eugene, OR) 




was added at the final conceniraiion of 3 iM and cells 
incubated for 30 min ai 37'C, After twice washing with PBS. saj 
were resuspended in the loading buffer at 4 x Itf/mi iJJ 
fluorescence intensity was analyzed on a FAC^Scan (Be^i^^' 
Dicldnson) with 488 nm excitation and 526 nm measurement Jjj^ 
mAbs (20 itJQlm\ fir^al corrcentration) were added 1 min afia ^ 
start of analysis and the cumulative fluorescence was deterrrik^ ' 
for an addrtional 5 mm. Results were plotted by time ctxi^, 
versus relative fluorescence using linear amplrfication. 

Proliferation assay 

Mononuclear cells (MNCs) were prepared from peripheral 
ol healthy volunteers by centrifugation over Ffcoll-Hypaqui. 
density gradient and B cells were enriched by removing ihe g 
rosane-forming cells. B-enriched MNC (5 10^) or Ramos B ' 
cells (5x10^) were resuspended in RPMI medium with IMt 
PCS and incubated with various conceiTtrations of mAbs 
flat-bottomed weDs for 3 days (200 /a/well). In some experbect^' 
Sepharose 4B beads coupled with r^t anti-mouse x mAb (2 lag 
m Ab/ml of Sepharose 4B) were added In a final 1 % suspensk^ 
At 16 h before harvest, 1 mCi of pHJIhymldine (Amersham) 
added. TripFicate cultures were analyzed and the resuSt 
expressed as mean c.p.m. ^ 

Modulation assay • P • 

Blood MNCs (2 X 10®/ml) were cultured with various mAb''' 
concentrations for 16 h at 37°C. Cells were then washed artf, 
stained with FITC-Iabeled goat antibodies to human Ig Cghl^ . 
chains. The 8 cells were counter-stained with phycoerythriv'^. 
labeled anti-CDig mAb and the mean fluorescence intensity (MflJ j 
determined for B cell expression of light chains uvlth and.^ 
without prior antibody treatment. Specific MFl was calculated tit 
subtracting MFl of eulofluoreecence from MFl of samples and^i 
'percent expression of BCR was represented as toliowst 

sp ecific MFl with antibody treatment ^ i^^ 

specific MFl without antibody treatment 

B cell differentiation assay q<J^ 
Blood MNC (10*^/ml) were resuspended in RPMI medium wA^^' 
10% FCS and cultured wrth 1 :100 dilution of pokeweed mrtogertj;' 
(PWM; Gibco BRL. Qaithersburg, MD) in the presence of letfj). 
mAbs (10;tgyml) for 10 days in flai-bottomed SB-well plaitfj. 
(200 p\M). After 10 days culture, secreted Igs in the supemataf^.;, 
were measured by ELISAto measure secreted Ig. Supernatanll^i 
were added to plastic wells coated with either anti-human 7 <|^^ 
fi (14Wi) mAb. and the bound Igs were detected by a mixdira.: 
of biotlnylated anti-human x and X mAbs, followed by alkalW ';• 
phosphaiase-labeled streptavidin and substrates. Results are .. 
represented as the mean OD^qs of tripiicat© cultures. 

HeauKs 

Early activation events induced hy anti-lgff mAbs 
We first examined whether the anti-Igfl mAbs can activate 1 
Signal transduction pathways that initiate early acUvation r " 
tyrosine phosphorylabon. PI hydrolyss. and elevation of '"^ - 
Ca^* (14.16). Incubation with either ant-lg^ (CB3-1 and 
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flQ. 1. Proieln lyfosina phosphorylation induced by onti-tg^ and ahti-/f 
jrtAbs. fiamcs B csllfi (10^) were stimulaied with SA-DA-4.4 (a), 145-8 
fO, CB3-1 (c}, CB3-2 (d). and botype-matched comrcJ mAb (e) Cell lysaifis 
T»»are /esolved by SDS-PAGE, tfaf»sfeff©d to a PVDF fngmbrane, and 
ptephoiyrosinQ was detected by an anfrphosphatyoBin© mAtr. Phoa- 
' ^horylaied pro!d)n& are marlced with dots These results, except for sKered 
inigratlon of a 50 kOa phosphopiwln in lane b. wer€ rsproduced in two 
MttTElional experiments. 



; the anfr/t mAt>s (SA-DA-4-4 and 14S«) induced or upregulated 
.phosphorylation of tyrosine residues on at least 16 proteins in 
' BsmoB B cells (marked wlih dots in Fig. 1). While Induced 
?' jipOsphorylatlon intensity d/ffered for each mAb, the pattern of 
: ' CtephOfylated proteins was essentially identical. SA'DA-4 4 was 
.;'"?hdii)Ofil potent stimulator. 14S8 was intermediate, and CB3-1 
^ ^-d CB3-2 gave the weakest signals Next, we exarnjned whether 
i'^m^lQ^ mAbs could induce PI hydrolysis and elevate intra- 
;4(|ilular Ca^*- levels- R&mos B cells which had incorporated 
were sUmulet^d with anti-lg^ and anti-/t 
,;f|JAba. and ih© hydrolyzed inosrtol n^onophosphat© was 
;.ij!p6asur©d as a marker of PI hydrolysis. Although both gnti-lg^ 
;i|!JAbB induced an inoraase of inositol monophosphate, the anii-;£ 
were sironger siimulants than the anti-lg^ mAbs (Fig. 2). 
'-^JjTarly, the anti-lgifi mAbs induced smaller and relatively 
.-SS^^^'^ elevations of Intraoelluiar Ca^^ in Ramos 8 cells by 
•"Af?^^" with ihe more efficeint anti-^i mAb (Fig 3). These 
/l^jjlte suggest that anti-lg^ mAbs are functionally capable of 
-ylTOer''^ early B cell aclisratlon ©vents, albert less efficiently than 
iftelW/D anti-^ mAbs: SA-DA-4.4 > 145-8 > CB3-1 = CB3-2. 
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F(d^ 2' Pt hydrolysis indiiced by anu-lg^ and aniH/^ mAbs. Flamos B 
cells (10*) were siimtilaied with 50>tg/ml of leovP€Knaiched cortrol 
mAb, SA-DA-4 4. CB3-1 or CB3-2 antibodies for 30 min in the presence 
oJ LICl. Hycfrolyzeci Pi was exTraoed and separaied by HPLC. Total c.p.m. 
corresponding to inositol monoDhosohate are represerrted. 



a. control 



b. SA-DA-4.4 




c. CB3-1 



d. CB3-2 




Rg. 3, £le\/alion of inuacellular Ca^+ induced by ant'lg^ and ami->t 
mAbe. Ramos B cells loaded with 3 PIuo-3 were analyzed dn a 
PACScan. An isotype matched control mAb (a), SA-DA-44 (b), Cb3-1 
(□), and CB3-2 (d) (20 /tg/mf) were added 1 min after the start of analysis 
(indicated by arrows), and fluorescence iniansicy reprinting relative 
inrracellular Ca^* Concentration meaeured over ihe nsxi 5 min. 



Late cBiJulBT response initiaied by antl'lg^ mAbs 

With the knowledge that both antWg^ mAb are functionally active. 

we examined whether the cross^inking of Ig^ could Induce a fate 
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1312 Signal transduction in human B cells 

a. soluble mAbs 
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Flfl. S. Modulation of BCR by anti-lg^ and 3nn-/x mAbs. Blood B ceib 
(-2 X 10^/ml) were cultured either with l45nB (--••■"•■). SA-DAh«.4 

) 0 — ) CB3-1 (— O— ). CB3-2 (—□—). isotype-maiched conirc* 

(-★-).' Of without antibody for 16 h ai 37*^0. 3 cell liohl cftam 
expression was analyzed by cell surfece irmnunoRuorescEnoe a/idlhff 
percent of norma) BCR expression caiculalfid so described in Melhod* 
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Fig- 4 ProWeranon of B Cdlls shmulated by ant)-Ig^ and ant-^i rnAb$. 
E- pefipharal blood MNCs (2 x 10^ were incubated with SA-DA^,4 
(..;.»... -i (—OH. CB3-2 HO—), cr an Isoiype-metched 
control antibody <— * -) in various concentrations tor 3 days before the 
incorporation of pH]thymidlne was measured. AntibodlBS were used 
either In a soluble toftD (a) or immobilized to Sepharos© 4B beads coated 
wi^ rat anti^mouse x mAb (b). 



cellular resportse nneasured as the induction oi DNA synthesis 
by normal B cells, modulation of BCR on B cells, and growth 
inhibition ol f=lamos B cells. When peripheral B cell preparations 
were incubated tor 3 days with antUg^ or anti-^ mAbs in soluble 
form, the antl-Ai mAbs Indticed proliferation but the anti-lg^ did 
not (Fig. 4a). However, when these mAbs were immobllizBd to 
Sapharos© 4B beads coupled with rat anti-mouse x mAb, all of 
the mAbs had strong proliferative effects on peripheral B cells 
(Rg. 4b), This suggests that in soluble lorm the anti-lg/3 mAbs 
do not achieve suffidenl cross-linking to induce DNA synthesis 
but this inadequacy can be overcome by immobllteing the CBS 
antibodies on a solid matri?t. 
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Fig, 6. Effocffi of anti^igfl and anti->i mAb on Ramos B <^^^^^ 
Hamos B cells (5 x ^(fim5) were incubated with ^^^^ (- y J^' 
S^DA^.4 (. ■.■•■■'-). CB3^1 CB^2 (-□-)■ ^ 

matched coniroi mAb in various c?^?ff^*^^°^?^ 

Incorpoirailon of [^HjthymidinB was measured and the mean vaii»- . 
triplicate cLiitures presented 

In contrast to the above resuHs. the anli-ig^ mAb in 
form oould effictentiy down-modulate the ceU surface ^^P^7^ 
of BCFL When B cells from peripheral blood were ^^^^ 
various concentrations of anti-lg^ and ami-^i "^l5^Bi£ 
expression of (Ighi chains on CD19* B cells analyzed after i^^r 
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fbL 7. £arty activanon effects of anti-tg^ and anl>'MmAbs on pre-B cells. 

pre-B cells loaded v^Zitm Ruo-a ward anatya^ocf on a FACScan. 
JEfioJype mfldChBd control mAb (1), CB3-1 (2), and SA-DA^.4 (3) 
'gfipQln^ were added 1 rjiin after the start of the analysis (indicated by 
^!a^) and fluorescence tntsnslty representing relative intraceRalar 
^ir^conceritraflon measured ovar Ih9 nexi 5 min. (b) S97 pr©-B cefle 
were Mimutated an ieoiype-matched control mAb (1), 
itOA-4>> (2). and CBS-I C?). C^' Vsaies were resofved by SDS - PAGE, 
l^errfid lo a pVDF membrane arvj phosphotyroslne was deiecied 
^sn drt^phosphoiyrDSlne rnAb^ 

< 

^ oi the mAbs wefe effectjve modulators, although higher 
itficeftirations ol arttl-lgjS mAbs were required than for the 
'06^^ <Rg, 5). Finally, when the aniibody efteas on growih of 
fUmos B oelle was examined, neither of the antl-lg/9 mAbs 
iiMhited cell growth of B celts, whereas both anil-;i mAbs were 
iihteory (Fig. 6). 
•i .' 

: ft* efitects o^ anthlgfi and anti-^ mAbs on 697 pre-3 cells 

. $irte cross-linkage of Iga in mice has been reponed to be more 
fitov© in pre-B cells ihan maiure B cells (24), rt was of interest 
i^tea the eff^ of cross-linkage of Ig^ on pre-B ceNs. For this 
I, we used 697 pre-B cells expressing li HC, surrogate 
Chains. Iga snd \qR on the cell surface and examined 
anti-lgd mAbs induce early activation events in this cell 
As shown m Rg. 7(a), The anti-ja mAb induced the elevation 
l^iUraceilLjlar C9^+, whereas neither anti-lg^ mAbe exhibited 
lie effects. We next tesled tyrosine phosphorylation of 
proteins by antUg^ mAbs m 697 pre-B cells. Neither the 
nor anti-lg^ mAbs Induced any detectable increase in 
phosphorylation (Fig. 7). 

'^^fajfon of terminal 9 cell differentiation by anii-fgfi mAbs 

"S^Bgype^pecific antibodies have been shown to inhibrt the 
,J?*naJ diffefentlation of human B cells in a PWM-driven system 
Assuming that antMg^ ligation provides signals similar 
by anti-;» ligazion, the CB3 mAbs should also prevent 
differentletion. To lest ihis hypothesis. M NC from peripheral 
■Mtere cuhured for 10 days with the different BCR mAbs 
prince of PWM, and the Ig secreted Into the supematsnts 
■m^sured. As shown in Hq. 8. both of the anti-lgjS CB3 mAbs 
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Fig. 0. jnhibldon of terminal plasma cett drfferenilaTion by antl-lg^ and 
an^-fi mAbe. ParlpheraJ MNCs (1 were cuJrured wlih 1 0 t^m\ ot 
an isotype-matched control mAb, SA^DA-4.4, CB3-1 , or CB^2 for 10 
days in ihg presancs of PWM. Igs &ec/6T6d into supernatams were 
measured by ELISA ae deecHbed in Methods. 



inhibited the secretion of IgM and IgG, whereas the anti-^ mAb 
primarily inhibited IgM secrellon as reported previously (19,25). 



Dlscus^on 

In these studies, the CB3-1 and CB3-2 antibodies, which are 
directed against an exposed epitope of human Ig^. were found 
to be capable of activating tyrosine kinases, inducing PI 
hydrolysis, and initiating an elevation of intracellular Ca^'*' levels, 
key metabolic activrties In the major signal transduction pathways 
triggered via the BCR (3,14.1 6). Clark ef a/, (5) have shown that 
the cytoplasmic tails of Iga and \g0 bind to different tyrosine 
kinases to activeie distinct second messenger pathways. Both 
The arttl'ti induced BCR modulation artd subsequent gnowth 
inhibition of 6 cefl lines are dependent on tyrosine kinase activities 
(26,27), but tyrosine kinase sf^vation per &e does not rracessarDy 
lead to B cell proflferadon (2Bi. It seemed possible, therefore, that 
the cross-finking effects of the anti-lgp and anti->4 mAbs would 
activate differerit seis of tyrosine kineses and result in different 
patterns for the late cellular responses. However, this idea is not 
supported by our results- Boih antl-lgi? and the anti-^j mAIss 
induced phosphorylabon of tyrosine residues on the same protein 
substrates. This suggests that both types of mAbs can activate 
the same second messenger pathways Involving regulation by 
phosphorylation of tyrosine residues. In our evaluailon ot anti-/i 
and anti-lg^ ligation in the late cellular response, itie antl-lg^ 
mAbs had no demonstrable effect on B cell proliferation nor did 
they inhibrt the growth of the Ramos B cells, whereas the anti-^ 
mAbs were effective in both respects. However, this seems 
unlikely to mean that anti-|i mAbs deliver a qualitatively different 
signal from that of anti-lg^ mAbs, but more likely that each 
response requires a different minimum level of stimulation to elicit 
the response. In this view the anti-lg^ mAbs, being the weakest 
Stimulators, do not exceed the necessary threshold. This 
explanation is supported by the observation that^ when immol^Iized 
on the surface of Sepharose beads, the anti-lg^ mAbs ^ciently 
induced B cell proliferation. These results therefore suggest that 
the cross-linkage of Ig0 or fi HC provides qualitatively identical 



; -, V 



9 d 1008891958 'ON/irQl 'IS/OS ••91 20 ,18 'ID (nHl) 




[am Apiie)S luaiseg] m Mtf\ )^ < > uioJJ 



1314 Signal tranGduc^on in human B cells 

signate. protiab^y because the cros^-linkage of \gP alters the 
conformational relationships of not or^ly Ig^ but also the 
GovaJently-Jinked Iga chain to acilvata the tyrosine kinases that 
bind ro both \ga and Ig^. 

StOdiaB by Nomura ^al. (24) suggest that cross-iink^ of Igpf 
in mice initiaiBS signal trar^duciion iot pre-B cells but not tor 
mature B cells, whereas >x HC cros&'Unkage is effective ©sBentfally 
in activation of mature B cells (24). On the contrary, we found 
that both anti-lgg mAbs and anti^^^ mAba activate signal 
transduction by mature B cells from the circulation and the Ramc^ 
B ceJl line. When the effect of antWgfl mAbs was tested on a pre-B 
cell line 697 expressing fi HC< surrogate light chain, and Iga and 
\Q0 )n the cell surface (18). cross-linkage of \Q0 did not induce 
detectable tyrosine phosphorylation or elevatjon of intracellular 
Ca^-, whereas that of <i HC caused elevation of intracellular 
Ca2"! This difference between cross-linking of Iga and Ig^ may 
suggest variation in the functional predominance of Igor and Ig^ 
as a function of B cell differentiation. The following observations 
could support this idea. First, surface immunofluorescence 
analysis revealed that the expression level of Ig^ and HC js 
linearly correlated in both human (1B) and mouse B (29) lineage 
cells, suggesting a constant molecular ratio of \q0 versus p. HC 
throughout B oell differentlauon. However, it has been reported 
ihat the expression leveJ of Iga is relatively constant regardless 
of the variable expression level off^HC and that a pre-B cell line 
thai does not yet express deiectahle surface HCis already 
surface Igo^ positive (28,30). Secondly. Mason etai (31) recenfc|y 
showed that out of 25 cases of acute lymphoblastic leukemia 
most of the cases expressed cytopJasmIc Iga, whereas only a 
half of them expressed lgi3. suggesting that the cytoplasmic 
expression d Ig^ precedes thai of ^ The ^er two obsaryatlons 
may indicate that Iga is expressed more predominantly than Igfl 
on early B cells. Since this could have significam funciional 
implicallons. it will be important to test this idea. 

The antHgiS mAbs exhibit pan-B cell inhibHory effects via thejr 
ability to modulate BCR associated with all Isotypes of igs (Ig W. 
igD IgG and IgA; our unpublished observations), and to inhibit 
plasma ceil drfferentiation. These in vitro propenies support the 
idea that the antMgfl antibodies could serve as universal B cell 
suppressors In clinical sHuations (l 8). This hypothesis presurnes 
that rn wvo exposure of B cells lo anti-lg^ mAbs would rnodulate 
the BCR TO prevent antigen recognition and that terminal B obH 
differentiation would be inhibited by anti-igP treatment. If these 
□redtctions hold true, the anti-lgi3 mAbs cheoretically would be 
superior to anti-slfl antibodies for targeting B cells tn vivo, 
because the former would not encounter their target cellular 
antigen in the form of soluble products in the circulation, 
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S cell recepior 
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